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: DESCRIPTION 

METHOD FOR CONTROLLING TRANSMIT POWER IN A COMMUNICATION 
! SYSTEM 

5 I 

| TECHNICAL FIELD 

| The present invention relates to a method for 
controlling transmit power in a mobile communicat ion system, 
morel particularly, a method for controlling transmit power 
10 in ai mobile communication system to which a code division 
multiple access (CDMA) mode is applied. 

BACKGROUND OF THE INVENTION 
; in the CDMA mode, a plurality of mobile stations share 

15 a saiins frequency band to communicate with a base station. 
Therefore, in the case of a communication between a mobile 
station A and a base station, for example, a signal from 
another mobile station B to the base station (an unfiesirsd 
signal) interferes a signal sent from the mobile station 

20 A to the base station (a desired signal) to obstruct a 
comniunicatlon between the mobile station A and the base 
station. Similarly, the signal sent from the mobile station 
A obstructs a communication between the mobile station B 
and Jthe base station. 

25 j The interference level increases relative to a 

receiving level of an undesired signal wave received by the 
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base! station. The receiving level of the undesired signal 
is relative to the transmit power at the time the undesired 
signjal is sent from a mobile station. Thus, it is necessary 
for jthe base station to control the transmit power from 
mobjjle stations so that the receiving level in the base 
station should be always minimum essential, in order to keep 
the jinterf erence level minimum. Under an ideal situation 
of this control, the number of channels available for 
comniunication becomes the largest, while the number of 
chadnels available for a communication would decrease as 
situation goes away from the ideal. 
Concerning a technology in controlling transmit power 
in a CDMA mobile communication, provided a transmit power 
controlling method described in 1MT-2000 Study Committee, 
Air Xinter- face WG, SWG Document Title: Volume 3 
Specifications of Air- Interface for 3G Mobile System, 
Source: SWG, Version: 0-4.0, Dates December 18, 1997 issued 
by DENPA SANGYOUKAI, for example (referred to as "W-CDMA 

mode 1 '" , hereinafter). A transmit power controlling method 

I 

in the W-CDMA mode will be described below. In the 
desqription, an upstream direction means a direction of 
sending signals from a mobile station to a base station and 
a downstream direction means a direction of sending signals 
front a base station to a mobile station. 

i A base station measures a signal to interference power 

! 

ratio (SIR) of a signal sent from a mobile station in the 
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upstream direction to transmit a transmit power controlling 
signial in accordance with the measured SIR. A structural 
diagram of a conventional base station is shown in Figure 
29. A signal received by an antenna 210 passes through a 
circulator 211 to take a process of modulating a base band 
signal and a process of receiving at a high/middle frequency 
in a radio module for receiving 212. The base station 
carries out processes of synchronous capturing and reverse 
sprejadlng of the received signal in synchronous 
capt,uring/reverse spreading circuits 213a to 213n in which 
a parameter is set for each mobile station, since the 
received signal is a multiplex signal from a plurality of 
mobile stations (referred to as MSa to MSn) . The signal 
outplut from the capturing/reverse spreading circuits 213a 
to ?13n is input to detecting potions 214a to 214n, 
respectively, to take a detecting process such as 
compensation for a phase rotation. The signal output from 
the detecting portions 214a to 214n is input to demodulating 
portions 215a to 215n, respectively, to take an error 
controlling process suoh as de-interleave and Viterbi 
decoding, and then, are used as received data. 

On the other hand, the signal output from the 
capturing/reverse spreading circuits 213a to 213n is input 
to an upstream channel SIR measuring portion 221 through 
signal lines 220a to 220n, respectively. The upstream 
chaJnel SIR measuring portion 221 measures SIR of the 
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received signal input through the signal lines 220a to 220n. 
respectively (referred to as SIRa to SIRn), to input the 
SIRa to SIRn to an upstream channel transmit power 
controlling signal generating portion 222 through the 
signal lines 230a to 230n. 

The upstream channel transmit power controlling 
signal generating portion 222 compares SIRa to SIRn with 
target SIRS given for MSa to MSn in advance by a controlling 
portion 500 (referred to as T-SIRa to T-SIRn) to generate 
transmit power controlling signals (TPCa to TPCn) for MSa 
to &4sn. The controlling portion 500 is an element that 
controls a whole base station and that transmits various 
signals to each element in the base station. In Figure 29, 
signal lines are omitted other than the line to the. upstream 
channel transmit power controlling signal generating 
portion 222 in order to simplify the diagram. A structure 
of the controlling portion/the upstream channel transmit 
power controlling signal generating portion .222 is shown 
in figure 30. The upstream channel transmit power 
controlling signal generating portion 222 comprises 
transmit power controlling signal generating portions 222a 
to 222n whose inputs are SIRi and T-SIRi and whose outputs 
are TPCi. The added character "i" denotes one of characters 
to M n". A structure of a transmit power controlling 
signal generating portion 222i is shown in Figure 31. A. 
comparator 223i compares SIRi and T-SIRi input through a 
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signial line 2301 to generate a signal that selects 0 in a 
selector 2241 in the case of SIRi a T-SIRi, and a signal 
thatl selects 1 in the selector 2241 in the case of SIRi < 
T-SIRi. The selector 2241 selects either 0 or 1 in 
5 accqrdance with an output from the comparator 2231 to output 
it a,s TPCi through a signal line 231i. The TPCi = 0 is a 
signal that instructs a mobile station to reduce the 
tradsmit power. On the contrary, TPCi = 1 is a signal that 
instructs a mobile station to increase the transmit power. 

10 Frame forming portions 225a to 225n shown in Figure 

29 farm transmission data to MSa to Msn, the data which took 
an error controlling process such as fold-encoding and 
interleave in encoding portions 222a to 222n, and the 
transmit power controlling signals TPCa to TPCn, which are 

15 input from the upstream channel transmit power controlling 
sigrial generating portion 222, into frames in accordance 
with a format defined in the system. Spreading circuits 
223a to 223n carry out a spectrum spreading process for 
outputs from the frame forming portions with a parameter 

20 corresponding to MSa to MSn. An adding circuit 22 6 adds 
transmission signals in order to multiplex signals for MSa 
to MSn. The transmission signals output from the adding 
cirduit 226 are transmitted from the antenna 210 after 
passing through a radio module for transmission 224 and a 

25 circulator 211. 

A mobile station MSi receives the aforementioned 
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smit power controlling signal TPCi to change the 
sralt power in accordance with, a result of demodulation, 
ructure of a conventional mobile station is shown in 
re 32. A signal received by the antenna 10 passes 
thrdugh a circulator 11 to take a process of demodulating 
a base band signal and a process of receiving at a high/middle 
frequency in a radio module for receiving 12. 

A mobile station carries out processes of synchronous 
captluring and spectrum reverse spreading of the received 
signal in a synchronous capturing/reverse spreading circuit 
n which a parameter is set for a channel being used in 
the mobile station, since the received signal is a multiplex 
signal in a plurality of channels. The signal output from 
synchronous capturing/reverse spreading circuit 13 
take's a detecting process such as compensation for a phase 
rotation in a detecting portion 14 and takes an error 
contir-olling process such as da- interleave and Viterbi 
decoding in demodulating portion 15, so as to be used as 
received data. 

After output from the detecting portion 14, the 
received transmit power controlling signal passes through 
a signal line 16 and is input to a transmit power controlling 
signjal determining portion 40. The transmit power 

controlling signal determining portion 40 determines 

J, 



2 5 whether the received transmit power controlling signal is 
"0" j or "l". The transmit power controlling signal 



determining portion. 40 generates a controlling signal, 
which selects "-IdB", for example, as an output for a 
selector 41 when the result of determining the transmit 
power controlling signal is "0" , and generates a controlling 
signal, which selects K +ldB", for example, as an output for 
the selector 41 when the result of determining is "l", to 
send the controlling signal to the selector 41. 

The selector 41 outputs either M +idB" or "-IdB", for 
example, as a variation amount of the transmit power in 
accordance with a controlling signal input from the transmit 
poweir controlling signal determining portion 40. 

| A transmit power calculating portion 19 determines the 
chaijged transmit power, using the variation amount of the 
transmit power input from the selector 41 and the current 
transmit power input from a transmit power maintaining 

clrduit 20. That is, the changed transmit power is 

i 

increased by IdB from the current transmit power when the 
selector inputs T, + ldB w , and it is decreased by IdB from the 
current transmit power when the. selector contrary inputs 

"-lciB" . 

I 

j The transmission signal takes an error controlling 
process such as, for example, fold-encoding and interleave, 
in tiie encoding portion 2 2 to form a frame of a format defined 
in t^ie system in a frame forming portion 25, and then, takes 
a spectrum spreading process in a spreading circuit 23. A 
variable gain amplifier 21 amplifies transmission signals 



proper gain so that the signals could be transmitter! 
at dhe designated transmit power from the transmit power 
calculating portion 19. The transmission signal output 
the variable gain amplifier 21 passes through the radio 
module for transmission 24 and the circulator 11, and then, 
ransmitted from the antenna 10. 

An example of a change of the transmit power of a mobile 
tatfion in the case that the mobile station performs the 
abovfe operation is shown as a solid line 62 in Figure 33. 
The [horizontal axis 60 shows the time, while the vertical 
axid 61 shows the transmit power of the mobile station. 
Resiilts 83a to 83e of determining the transmit power 
controlling signal received at the times 120 to 124 are also 
shown in the horizontal axis 60. As shown in Figure 33, 
the mobile station operates so as to increase the transmit 
powe'r by idB at the times 122 and 124 when the result of 
determining the controlling signal is "1" and so as to 
decrease the transmit power by IdB at the times 120 . 121 
and 123 when the result of determining the controlling 
signal is * 0 " . 

j There are two problems solved by the invention as 
described below. 

First, there is a large possibility that the received 
emit power controlling signal would result in being 
demddulated with an error, when the quality of receiving 
the transmit power controlling signal in a mobile station 



is bad. In this case, the conventional method that the 
demodulated result is determined either "0" or "1" increases 
the possibility that the transmit power controlling signal 
is incorrectly determined to be a value different from the 
proper value . 

In the case that the transmit power controlling signal , 
which should be determined to be "1", is incorrectly 
determined to be "0", namely, in the case that a mobile 
station incorrectly decreases the transmit power at the time 
wheh the transmit power should be increased, the quality 
of 5t signal received from the above mobile station would 
deteriorate in the base station. This causes the quality 
of i communication to be deteriorated, and furthermore, 
causes a communication to be cut off. 

To the contrary, in the case that the transmit power 
controlling signal, which should be determined to be "0", 
is jncorrectly determined to be "1", namely, in the case 
that a mobile station incorrectly increases the transmit 
pow^r at the time when the transmit power should be decreased, 
interference amount by the above mobile station to 
another mobile station would increase in the base station. 
Therefore, deterioration of the communication quality and 
off of a communication occur in the other mobile station . 
means, at the same time, that the number of mobile 
stations available for a communication would decrease, and 
as a| result, the communication capacity of the whole system 
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will! be reduced. 

Moreover, the aforementioned deterioration of the 
comnkmication quality and reduction of the communication 
capacity of the system appear more significantly, when the 
result of determining the transmit power controlling signal, 
whose receiving quality is bad, is biased to either "0" or 
"1" due to such as a component of direct current offset 
contained In a receiver in a mobile station. 

Secondly, when a receiving operation stops earlier 
a transmitting operation as a controlling sequence in 
base station upon cutting off a communication, that is, 
an operation of the synchronous capturing/reverse spreading 

circuit 213i (i = 1, 2 n) stops earlier than that of 

upstream channel SIR measuring portion 221 in Figure 
it is considered that the operation of the upstream 
channel SIR measuring portion 221 would become unstable, 

sincje the upstream channel SIR measuring portion 221 tries 

i 

to jget SIRi from the output of the synchronous 
captjurlng/reverse spreading circuit 2131 whose operation 
has stopped. In this case, an improper transmit power 
controlling signal TPCi is generated to be transmitted from 
the jbase station to the mobile station MSi . The mobile 
statjlon MSI may perform transmission with an excessive 
transmit power, as a result of controlling the transmit 
power in accordance with the above-mentioned improper 
transmit power controlling signal TPCi, In this case, the 
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interference amount by a signal of the mobile station MSi 
to snottier mobile station increases in the base station. 
Thus\ the deterioration of the communication quality and 
cut -i off of a communication occur in the other mobile station . 
This, reduces the communication capacity of the whole system, 
like the first problem. 

DISCLOSURE OF THE INVENTION 
In order to solve the first problem, a structure 
accdrding to the present invention is arranged so that a 
rad^o base station transmits a transmit power controlling 
signal for controlling transmit power of a mobile station, 
and that said mobile station calculates a likelihood of said 
trarjsmit power controlling signal on the basis of the 
received transmit power controlling signal and the 
receiving quality to calculate a variation amount of the 
transmit power on the basis of said likelihood, so that the 
transmit power of the mobile station would be controlled 
on the basis of the variation amount. 

! Further, in order to solve the first problem, the 
invention is characterized in that said likelihood is 
calculated by further adding a perch receiving quality of 
a signal transmitted by said radio base station; that the 
perch receiving quality of a signal transmitted by said 
ra&ifO base station is compared with the receiving quality 
of a transmit power controlling signal so that it is 
determined that a call is cut off in a channel being received 
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when only the receiving quality of the channel being 
received is deteriorated and it is determined that a 
receiving condition is no longer proper due to a mobile 
station being in shade or the like when the both of the 
receiving qualities are deteriorated at the same time; and 
that the likelihood is calculated on the basis of a result 
of l^he determination. 

In order to solve the first problem, the invention is 
also characterized in that, when an absolute value of the 
likelihood of said transmit power controlling signal is 
lar^e, an upper limit value and a lower limit value of the 
transmit power of a mobile station are updated and 
maintained so that the transmit power of said mobile station 
is limited between said upper limit value and said lower 
15 lim^t value. 

j In order to solve the first problem, the invention is 
alsb characterized in that an average value of the transmit 
power of a mobile station is calculated, and that the 
traiismit power of said mobile station is switched on the 
20 basis of the size of said likelihood so as to be said 
calculated average transmit power of the mobile station or 
trarismit power of the mobile station that is calculated on 
the 'basis of said likelihood. 

: In order to solve the first problem, the Invention is 
25 characterized in that open loop transmit power is calculated 
on tine basis of the receiving quality or the receiving power 
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of ajnother channel different from a channel being used, and 
that the transmit power of said mobile station is switched 
on the basis of the size of said likelihood so as to be said 
calculated open loop transmit power or transmit power of 
5 the [mobile station that is calculated on the basis of said 

likelihood. 

! 

! In order to solve the first problem, the invention is 

i 

characterized in that said transmit power controlling 
signal is a signal comprising two values, and that said 

i 

10 likelihood is calculated so that an absolute value of the 
likelihood would be large when the receiving quality is good 
and so that an absolute value of the likelihood would be 
small when the receiving quality is bad. 

j In order to solve the first problem, the invention is 

15 characterized in that the transmit power is increased when 
said likelihood is a first reference value or more, that 
the transmit power is maintained when said likelihood is 
les^ than said first reference value and the second 
reference value or more, and that the transmit power is 

20 decreased when said likelihood is less than said second 
reference value. 

j In order to solve the first problem, the invention is 
characterized in that the transmit power is increased when 
said likelihood is said first reference value or more, that 
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transmit power is toggle-controlled when said. 



likelihood is less than said first reference value and said 
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second reference value or more, and that the transmit power 
is decreased when said likelihood is less than said second 
reference value. 

| In order to solve the first problem, the invention is 
5 characterized in that the transmit power is increased when 
said likelihood is said first reference value or more, that 
a variation amount of the transmit power is made to be the 
powdr corresponding to said likelihood when said likelihood 
is less than said first reference value and said second 

10 reference value or more, and that the transmit power is 
decreased when said likelihood is less than said second 
reference value. 

i In order to solve the first problem, a mobile station 
according to the invention comprises: receiving means for 

15 receiving transmit power controlling information 
transmitted by a radio base station; measuring means for 
measuring the receiving quality of a wave transmitted by 

said 1 radio base station; likelihood generating means for 

j 

generating a likelihood of said transmit power controlling 

! 

20 information on the basis of the transmit power controlling 
information received by said receiving means and the 
receiving quality measured by said measuring means; 
variation amount generating means for generating a 
variation amount of the transmit power on the basis of the 

25 likelihood generated by said likelihood generating means; 
and j controlling means for controlling the transmit power 
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of i mobile station on the basis of the variation amount 
generated by said variation amount generating means. 

In order to solve the first problem, a mobile station 
according to the invention further comprises perch 
receiving quality measuring means for measuring the 
receiving quality of a perch signal transmitted by said 

radio base station, wherein said likelihood generating 

j 

means generates a likelihood with the receiving quality 
measured by said perch receiving quality measuring means 
takdn into a consideration. 

| In order to solve the first problem, in a communication 
system according to the invention, a radio base station 
comprises: transmit power controlling information 
generating means for generating transmit power controlling 

information for controlling the transmit power of a mobile 

i 

station; and transmitting means for transmitting the 
transmit power controlling information generated by said 
transmit power controlling information generating means, 
and j a mobile station comprises: receiving means for 
receiving the transmit power controlling information 
transmitted by said transmit means; measuring means for 
measuring the receiving quality of a wave transmitted by 
said radio base station; likelihood generating means for 
generating a likelihood of said transmit power controlling 
information on the basis of the transmit power controlling 
information received by said receiving means and the 
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receiving quality measured by said measuring means; 
variation amount generating means for generating a 
variation amount o£ the transmit power on the basis of the 
likelihood generated by said likelihood generating means; 
5 and jcontrolllng means for controlling the transmit power 
of ai mobile station on the basis of the variation amount 
generated by said variation amount generating means. 

I In order to solve the second problem, the invention 
is Characterized in that a radio base station measures SIR 

10 for | ©very said mobile station to compare each of said 
measured SXRs with a target SIR given in advance, generates 
a transmit power controlling signal for decreasing the 
transmit power when said SIR is the target SIR or more or 
wheh said radio base station has stopped a receiving 

15 operation for said mobile station, generates a transmit 
power controlling signal for increasing the transmit power 
when said SIR is less than the target SIR , and transmits 
said generated transmit power controlling signal to the 
mobile station. 

20 j In order to solve the second problem, the invention 

is | characterized by a radio base station controlling 
transmit power of a mobile station comprising; signal 
quaility measuring means for measuring signal quality of said 
mobjile station; comparing means for comparing the signal 

25 quaility measured by said signal quality measuring means with 
a predetermined value; generating means for generating, as 
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a result of comparison in said comparing means , transmit 
powejr controlling information for decreasing said transmit 
powejr when said signal quality is said predetermined value 
or ,ipore and for generating transmit power controlling 
5 information for increasing said transmit power when said 
signal quality is less than said predetermined value; and 
transmitting means for transmitting to said mobile station 
the jtransmit power controlling signal generated by said 
generating means. The above signal quality is SIR or the 
10 like. 

I In order to solve the second problem, according to the 
invention, a radio base station controlling transmit power 
of ajmobile station comprises : receiving means for receiving 
a chiannel transmitted by said mobile station; controlling 

15 means for controlling a receiving operation of said 
receiving means; generating means for generating 
instructing information for giving an instruction to 
decrease the transmit power of said mobile station at the 
time when said controlling means stops the receiving 

20 operation of said receiving means; and transmitting means 
for I transmitting to said mobile station the instructing 
information generated by said generating means. 

In order to solve the second problem, according to the 
invention, a radio base station controlling transmit power 

25 of aimobile station comprises: receiving means for receiving 
a cliannel transmitted by said mobile station; controlling 
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meanjs for controlling a receiving operation of said 
receiving means; generating means for generating 
instructing information for giving an instruction to 
decrjease the transmit power of said mobile station when said 
5 controlling means tries to stop the receiving operation of 
said receiving means; and transmitting means for 
transmitting to said mobile station the instructing 
information generated by said generating means before said 
receiving operation is stopped. 
10 I BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows a structure of a mobile station 
according to the invention. 

j Figure 2 shows a structure of a transmit power 
controlling signal likelihood. calculating , portion 
15 according to the invention. 

j Figure 3 shows a likelihood calculating method 
according to the invention. 

I Figure 4 shows a structure of a transmit power 
variation amount calculating portion according to the 
20 invention. 

j Figure 5 shows an example of an operation of a 
likelihood determining portion according to the invention. 

! Figure 6 shows an example of a change of transmit power 
of a mobile station according to the invention. 
25 j Figure 7 shows a structure of a transmit power 

variation amount calculating portion according to the 
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invention , 

I Figure 8 illustrates an operation of a toggle portion 
according to the invention. 

i Figure 9 illustrates an operation of a likelihood 
5 determining portion according to the Invention. 

I Figure 10 shows an example of a change of transmit 
pow4r of a mobile station according to the invention. 

\ Figure 11 shows a structure of a transmit power 
variation amount calculating portion according to the 
10 invention. 

I Figure 12 Illustrates an operation of a transmit power 
variation amount calculating portion according to the 
invention . 

i Figure 13 shows an example of a change of, transmit 
15 pow^r of a mobile station according to the invention. 

I Figure 14 shows a structure of a mobile station 
according to the invention. 

! Figure 15 shows a structure of a transmit power 
variation amount calculating portion • according to the 
2 0 invention. 

: Figure 16 illustrates an operation of a likelihood 
determining portion according to the invention. 

Figure 17 shows a structure of a transmit power 
controlling portion according to the invention. 
25 | Figure 18 shows a structure of a transmit power limit 

value calculating portion according to the invention. 



I Figure 19 shows an example of a change of transmit 
power according to the invention. 

: Figure 20 shows a structure of a mobile station 
according to the invention. 
5 ! Figure 21 shows a structure of a transmit power 

selecting portion according to the invention. 

I Figure 22 illustrates an operation of a likelihood 
determining portion according to the invention. 

; Figure 23 shows a structure of a transmit power 
10 selecting portion according to the invention. 

! Figure 24 shows a structure of a likelihood selecting 
portion according to the invention. 

i Figure 25 shows a structure of a base station according 
to the invention. 
15 ; Figure 26 shows a structure of an upstream channel 

transmit power controlling signal generating portion 
according to the invention. 

| Figure 27 shows a structure of the transmit power 
controlling signal generating portion according to the 
20 invention - 

I Figure 28 Illustrates an operation of a selector 235i 
according to the invention. 

| Figure 29 shows a structure of a conventional base 
station . 

25 ! Figure 30 shows a structure of an upstream channel 

transmit power controlling signal generating portion 
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accdrding to the invention. 

I Figure 31 shows a structure of a conventional transmit 
power controlling signal generating portion. 

! Figure 32 shows a structure of a conventional mobile 
station. 

| Figure 33 shows a conventional varying state of 
transmit power. 

! Figure 34 shows a structure of a receiving quality 
calculating portion using perch receiving quality. 

Figure 35 shows a communication system to which the 
present invention is applies. 

BEST MODE FOR CARRYING OUT THE INVENTION 
Figure 35 shows a communication system according to 
the jpresent invention. The communication system .according 
to the invention includes a base station 3500 and mobile 
stations 3501 to 3503. The mobile station 3501 is located 
close to the base station 3500 with its line state stable, 
so that an error o£ power controlling bit would be few and 
pow<kr controlling would not be out of control. The mobile 
station 3502, however, has an obstacle 3504 such as a 
building on the way to the bass station 3500, although it 
is Located close to the base station. Therefore, the 
obstacle 3504 greatly attenuates the wave from the base 
station 3500, which may cause an error of the power 
controlling bit and the power control to be out of control. 
Further, the mobile station 3503 is located far away from 
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the jbase station 3500, so that attenuation or interference 
of tine wave may cause an error of the power controlling bit 
and jthe power control to be out of control. The invention 
provides a much more stable communication system, in which 
5 the 'power control itself would not be out of control even 
when a mobile station is in a condition that an error of 
the j power controlling bit easily occurs. 

; Figure 1 shows a structure of a mobile station of a 
first embodiment. Elements corresponding to those of a 

10 conventional mobile station shown in Figure 3 2 are marked 
witlji the same reference number. 

A received signal is processed in an antenna 10, a 
circulator 11, a radio module for receiving 12, a 
synchronous capturing/reverse spreading circuit. 13 and a 

15 detecting portion 14, respectively, before being input to 
a transmit power controlling signal likelihood calculating 
portion 30 via a signal line 16, 

! The transmit power controlling signal likelihood 
calculating portion 30 calculates likelihood of a transmit 

2 0 power controlling signal on the basis of the receiving 
quality of the received transmit power controlling signal 
andja determined result of "0" or "1". A structure of the 
transmit power controlling signal likelihood calculating 
pox-jtion 30 is shown in Figure 2. A transmit power 

25 controlling signal 0/1 determining portion 40 determines 
whether the received transmit power controlling signal is 
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"0" I or "1". 

: A receiving quality calculating portion. 50 calculates 
the ; receiving quality of the received transmit power 
controlling signal to output it to a likelihood calculating 
5 portion 51. Basically, the receiving power, SIR, or the 
like, which is measured on the instant upon receiving the 
transmit power controlling signal, should he used as 
receiving quality calculated by the receiving quality 
calculating portion 50. On the other hand, a long time 

10 integral operation is required to accurately observe the 
receiving power or the SIR. In the case that the 
above-mentioned receiving power or the SIR integrated for 
a l$ng time (referred to as a long time integral value, 
hereinafter) is used for transmit power controlling, which 

15 is required to be performed at high speed, it is considered 
that the controlling delay would be increased, so that the 
transmit power cannot properly controlled. Therefore, the 
receiving quality calculating portion 50 calculates the 

receiving quality of the transmit power controlling signal, 

I 

20 using the above transmit power controlling signal and the 
result of integrating the receiving power or the SIR of a 
signal received at the time close to receiving the above 
transmit power controlling signal (referred to as a short 
timfe integral value, hereinafter). 

25 ; Using the short time integral value may cause an 

incbrrect calculation of the receiving quality when the 



short time integral value is used for calculating the 
receiving quality as it is, since an error of the short time 
integral value is considered to be large. Therefore, the 
receiving power calculating portion 50 may compare the long 
5 time integral value with the short time integral value, for 
exa4ple, so as to output the "bad receiving quality when the 
difference of the both values is large. 

I The receiving quality calculating portion 50 also may 
perform the following operation in order to estimate that 

10 a receiving condition of a channel being received is no 
longer proper due to outting off a call or being in shade, 
A mobile station measures the receiving power or SIR of a 
chaAnel, which is always transmitted from the base station 
like a perch channel in the W-CDMA mode, for example, and 

15 whose transmit power is known (referred to as perch 
receiving quality, hereinafter). A structure of the 
receiving quality calculating portion in this case is shown 
in Eigure 34. A perch receiving quality measuring portion 
300 hieasures the above perch receiving quality. A comparing 

20 portion 301 compares the above-mentioned short time 
integral value and the perch receiving quality obtained by 
the! perch receiving quality measuring portion 300. A 
receiving quality determining portion 302 determines, in 
accordance with a comparing result at the comparing portion 

25 301 [ that a call has been cut off in the channel being 
received when only the receiving quality of the channel 
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beiiig received is deteriorated, and that the receiving 
condition is no longer proper due to such a situation that 
a mojbile station is in shade when the both is deteriorated 
at the same time, and then, outputs a bad receiving quality. 
5 The likelihood calculating portion 51 calculates the 

likelihood of the above transmit power controlling signal 
on the basis of the result of determining in the transmit 
power controlling signal 0/1 determining portion 40 and the 
resiilt of calculating in the receiving quality calculating 

10 portion 50. An example of a relation between the likelihood 
and j the results of determining in the transmit power 
controlling signal 0/1 determining portion 40 and of 
calculating in the receiving quality calculating portion 
50 iis shown by a bent line 150 in Figure 3. The result of 

15 calculating the likelihood shown in Figure 3 will be 
described below. It is defined that the likelihood is a 
positive value when the result of determining the transmit 
power controlling signal is 1. On the other hand, it is 
defined that the likelihood is a negative value when the 

20 result of determining is 0, Further, it is defined that 
an absolute value of the likelihood is large when the 
receiving quality is good, while the absolute value of the 
likelihood is small when the receiving quality is bad. 
! The likelihood of the transmit power controlling 

25 sigftal calculated in the above method is input to a transmit 
pow£r variation amount calculating portion 31 in Figure 1. 
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The [transmit power variation amount calculating portion 31 
calculates the variation amount of tJie transmit power on 
the ibasis of the likelihood of the input transmit power 
controlling signal, A structure of the transmit power 
5 variation amount calculating portion 31 in the first 
embodiment is shown in Figure 4. A likelihood determining 
portion 70 generates a controlling signal for selecting 
either w + IdB (increase)", ldB (decrease)" or "OdB (no 
chaiige)", for example, as the variation amount of the 

10 transmit power on the basis of the likelihood of the transmit 
power controlling signal input from the transmit power 
controlling signal likelihood calculating portion 30 to 
output the generated signal to a selector 71. An example 
of an operation of the likelihood determining pprtion 70 

15 in the first embodiment is shown in Figure 5 . The likelihood 
determining portion 70 outputs to the selector 71 a 
controlling signal such that "+ IdB" is selected in the 
selector 71, when the likelihood of the transmit power 
controlling signal to be input exists within an area 100, 

20 which is a+ or more. Similarly, the likelihood determining 
portion 70 outputs to the selector 71 a controlling signal 
such that w 0dB" is selected, when the likelihood of the 
transmit power controlling signal to be input exists within 
an area 101, which is a- or more and less than a+, and the 

25 likelihood determining portion 70 outputs a controlling 
sigftal such that " - IdB" is selected, when the likelihood 
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of the transmit power controlling signal to be input exists 
within an area 102, which is less than a-. The selector 
71 sislects the transmit power variation amount in accordance 
with the controlling signal from the likelihood determining 
5 portion 70 to output the variation amount to the transmit 
power calculating portion 19 shown in Figure 1. 

The transmit power calculating portion 19 shown in 
Figure 1 calculates the transmit power, as same as the case 
of the conventional mobile station, on the basis of the 

10 variation amount of the transmit power input from the 
transmit power variation amount calculating portion 31 and 
of the current transmit power input from the transmit power 
maintaining circuit 20, The transmission signal processed 
in the encoding portion 22 and the spreading circuit 23 is 

15 amplified so as to be transmitted at the aforementioned 
transmit power in the variable gain amplifier 21, and then, 
passes through the radio module for transmission 24 and the 
circulator 11 to be transmitted from the antenna 10. 

An example of a change of transmit power of a mobile 

20 station in the case that the mobile station performs an 
operation in the first embodiment is shown as a solid line 
63 in Figure 6. As shown in Figure 6, the mobile station 
operates so that the variation amount of the transmit power 
would be OdB, that is, the transmit power would not be changed 

25 for: a time 103 in which the likelihood of the transmit power 
controlling signal is a- or more and less than a+ . 
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; Next, an operation of a mobile station of the second 
embodiment will be described. A structure of the mobile 
station in the second embodiment is shown in Figure 1 as 
same as that in the first embodiment. In the second 
embodiment, a structure of the transmit power variation 
amount calculating portion 31 is different from that of the 
first embodiment. The structure of the transmit power 
variation amount calculating portion 31 in the second 
embodiment is shown in Figure 7. Elements corresponding 
to tjhose of the transmit power variation amount calculating 
portion 31 in the first embodiment are marked with the same 
reference number. 

The likelihood determining portion 70 generates a 
controlling signal for selecting either "+ ldB (increase)", 
" - lldB (decrease) " or "toggle portion 72 ( toggle operation) " , 
for; example, as a variation amount of the transmit power 
on ithe basis of the likelihood of the transmit power 
controlling signal input from the transmit power 
controlling signal likelihood calculating portion 30 to 
output the generated signal to the selector 71. An 
operation of the toggle portion 72 is shown in Figure 8. 

< The toggle portion 72 outputs " - ldB" in the case of 
the! input of "+ ldB", and "+ ldB" in the case of the input 
of i*- ldB". An example of an operation of the likelihood 
determining portion 70 in the second embodiment is shown 
in figure 9. The likelihood determining portion 70 outputs 
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to the selector 71 a controlling signal such that "+ IdB" 
is selected in the selector 71, when the likelihood of the 
transmit power controlling signal to be input exists within 
an area 100, which is a+ or more. Similarly, the likelihood 
5 determining portion 70 outputs to the selector 71 a 
controlling signal such that "toggle portion 72 " is selected, 
when the likelihood of the transmit power controlling signal 
to be input exists within an area 101, which is a- or more 
and 'less than a-t- , and the likelihood determining portion 
10 70 obtputs a controlling signal such that " - IdB" is selected , 
when the likelihood of the transmit power controlling signal 
to be input exists within an area 102, which is less than 
a- . 

The selector 71 selects the transmit power variation 
15 amount in accordance with the controlling signal from the 
likelihood determining portion 70 to output the variation 
amount to the transmit power calculating portion 19 shown 
in Figure 1. The operation thereafter to the transmission 
of the transmission signal from the antenna 10 is same as 
20 that of the first embodiment . 

An example of a change of transmit power of a mobile 
station in the case that a mobile station performs an 
operation in the second embodiment is shown as a solid line 
64 in Figure 10. As shown in Figure 10, the mobile station 
2 5 operates so that the variation amount of the transmit power 
would repeat "+ IdB" and IdB" alternately, during a time 



29 



103 • in which the likelihood of the transmit power 
controlling signal is a- or more and lass than a+ . 

; Next, an operation of a mobile station of the third 
embodiment will be described. A structure of the mobile 
5 station in the third embodiment is shown in Figure 1 as same 
as | the first and second embodiments . In the third 
embodiment, a structure of the transmit power variation 
amount calculating portion 31 is different from that of the 
first and second embodiments . The structure of the transmit 

10 power variation amount calculating portion 31 in the third 
embodiment is shown in Figure 11. A likelihood- transmit 
power variation amount converting portion 73 converts the 
likelihood of the transmit power controlling signal input 
from the transmit power controlling signal likelihood 

15 calculating portion 30 into the transmit power variation 
amount. An example of an operation of the likelihood- 
transmit power variation amount converting portion 73 is 
shown as a line 74 in Figure 12. In Figure 12, the 
likelihood-transmit power variation amount converting 

20 portion 73 outputs "+ ldB" , for example, to the transmit 
power calculating portion 19 as a transmit power variation 
amount, when the likelihood of the transmit power 
controlling signal to be input is ct+ or more. Similarly, 
the 1 likelihood- transmit power variation amount converting 

25 portion 73 outputs IdB" , for example, to the transmit 
power calculating portion 19 as a transmit power variation 



amount, when tne likelihood of the transmit power 
controlling signal to be input is lees than a-. The 
likelihood- transmit power variation amount converting 
portion 73 outputs a transmit power variation amount, which 
5 varies as shown as the line 74 in Pigurs 12, for example, 
to the transmit power calculating portion 19 in accordance 
with the likelihood of the transmit power controlling signal. 
The; operation thereafter to the transmission of the 
transmission signal from the antenna 10 is same as that of 

10 the! first embodiment. 

An example of a change of transmit power of a mobile 
station in the case that the mobile station performs an 
operation in the third embodiment is shown as a solid line 
65 in Figure 13. As shown in Figure 13, the mobile station 

15 controls the transmit power so that the variation amount 
of the transmit power would be a value smaller than "+ IdB" 
and;"- IdB" during the time 103 in which the likelihood of 
theltransmit power controlling signal is a- or more and less 
than a+ . 

20 A structure of the mobile station in the fourth 

embodiment is shown in Figure 14. Elements corresponding 
to a structure of the mobile stations shown in Figures 32 
and 1 are marked with the same reference number. The 
likelihood of the transmit power controlling signal 

25 calculated in the transmit power controlling signal 
likelihood calculating portion 30 is input to the transmit 
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power variation amount calculating portion 31, as same as 
in the first embodiment. 

A structure of the transmit power variation amount 
calculating portion 31 in the fourth embodiment is shown 
in Figure 15. The likelihood determining portion 130 
generates a controlling signal for selecting either "+ ldB 
(increase)" or "- ldB (decrease)", for example, as a 
variation amount of the transmit power on the basis of the 
likelihood of the transmit power controlling signal input 
from the transmit power controlling signal likelihood 
calculating portion 30 to output the generated signal to 
a selector 131 . An example of an operation of the likelihood 
determining portion 130 in the fourth embodiment is shown 
in 'Figure 16. The likelihood determining portion 130 
outputs to the selector 131 a controlling signal such that 
"+ ldB" is selected in the selector 131, when the likelihood 
of the transmit power controlling signal to be input exists 
within an area of 0 or more. On the other hand, the 
likelihood determining portion 130 outputs to the selector 
13lja controlling signal such that "- ldB ri is selected, when 
the' likelihood of the transmit power controlling signal to 
be input exists within an area less than 0. The selector 
131 selects the transmit power variation amount in 
accordance with the controlling signal from the likelihood 
determining portion 130 to output the variation amount to 
the! transmit power calculating portion 19 shown in Figure 
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14. i The transmit power calculating portion 19 calculates 
the : transmit power of the mobile station as same as in the 
first embodiment. 

The transmit power limiting portion 32 compares the 
transmit power calculated in the transmit power calculating 
portion 19 and the transmit power limit value calculated 
inside the transmit power limiting portion 32 to control 
the: transmit power of the mobile station. A structure of 
the 1 transmit power limiting portion 32 is shown in Figure 
17. The transmit power input from the transmit power 
calculating portion 19 is input to a transmit power limit 
value calculating portion 90 and a comparing portion 91. 
An example of an operation of the transmit power limit value 
calculating portion 90 is shown in Figure 18. In the 
transmit power limit value calculating portion 90, the 
likelihood of the transmit power controlling signal input 
from the transmit power controlling signal likelihood 
calculating portion 30 is first compared with thresholds 
|3- and p+ . When the likelihood of the transmit power 
controlling signal cannot establish a relation 0- <; 
(likelihood) < p+, that is, when the absolute value of the 
likelihood of the transmit power controlling signal is large, 
the : upper limit value TXPU of the transmit power and the 
lower limit value TXPL of the transmit power are updated. 
According to this operation, the upper and lower limit 
valiaes of the transmit power of the mobile station are 



calculated when the absolute value of the likelihood of the 
transmit power controlling signal is large, that is, when 
the i receiving quality of the transmit power controlling 
signal is good, while the upper and lower limit values of 
the itransmit power of the mobile station are maintained when 
the absolute value of the likelihood of the transmit power 
controlling signal is small, that is, when the receiving 
quality of the transmit power controlling signal is bad. 

The comparing portion 91 shown in Figure 17 compares 
the itransmit power input from the transmit power calculating 
portion 19 and the upper and lower limit values of the 
transmit power input from the transmit power limit value 
calculating portion 90. The comparing portion 91 changes 
the: transmit power into TXPU to output it to the. transmit 
power maintaining circuit 2 0 and the variable gain amplifier 
21 shown in Figure 14, when the transmit power input from 
the : transmit power calculating portion 19 is larger than 
the:upper limit value TXPU of the transmit power input from 
the transmit power limit value calculating portion 90. On 
the; other hand, the comparing portion 91 changes the 
transmit power into TXPL to output it to the transmit power 
maintaining circuit 20 and the variable gain amplifier 21 
shown in Figure 14, when the transmit power input from the 
transmit power calculating portion 19 is smaller than the 
lower limit value TXPL of the transmit power input from the 
transmit power limit value calculating portion 90 . Further , 
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the comparing portion 91 outputs the transmit power input 
from' the transmit power calculating portion 19 to the 
transmit power maintaining circuit 20 and the variable gain 
amplifier 21 shown in Figure 14, as it is, when the transmit 
5 power input from the transmit power calculating portion 19 
is between TXPU and TXPL. The operation thereafter to the 
transmission of the transmission signal from the antenna 
10 i : s same as that of the first embodiment. 

; An example of a change of transmit power of a mobile 

10 station in the case that the mobile station performs an 
operation in the fourth embodiment is shown as a solid line 
6 6 in Figure 19. As shown in Figure 19, the upper limit 
value TXPU and the lower limit value TXPL of the transmit 
power of the mobile station are maintained at a certain value 

15 during the time 103 in which the likelihood of the transmit 
power controlling signal is a- or more and less than o.+ . 
In the example shown in Figure 19, the transmit power of 
the.'mobile station is limited not so as to be less than the 
lower value TXPL of the transmit power during the time 103. 

2 0 in the fourth embodiment, the transmit power variation 

amount calculating portion 31 may have a structure shown 
in the first to third embodiments. 

A structure of a mobile station in the fifth embodiment 
is shown in Figure 20. Elements corresponding to a 

25 structure of the mobile stations shown in Figures 32 and 
1 aire marked with the same reference number. The likelihood 
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of the transmit power controlling signal calculated in the 
transmit power controlling signal likelihood calculating 
portion 30 is input to the transmit power variation amount 
calculating portion 31, as same as In the first embodiment. 
5 The transmit power variation amount calculating portion 31 
may have any structure and operation of the transmit power 
variation amount calculating portion 31 described in the 
first to fourth embodiments. The variation amount of the 
transmit power calculated in the transmit power variation 

10 amount calculating portion 31 is input to the transmit power 
calculating portion 19. 

The transmit power calculating portion 19 calculates 
the transmit power of the mobile station as same as in the 
f irs^t embodiment . 

15 ' The transmit power calculated in the transmit power 

calculating portion 19 is input to a transmit power 
selecting portion 33. The transmit power selecting portion 
33 selects the transmit power in accordance with the 
likelihood of the transmit power controlling signal input 

20 from the transmit power controlling signal likelihood 
calculating portion 30. 

A structure of the transmit power selecting portion 
33 iin the fifth embodiment is shown in Figure 21. A 
likelihood determining portion 140 generates a controlling 

25 signal for selecting as the transmit power either the 
transmit power input from the transmit power calculating 



portion 19 or the transmit power input from a transmit power 
averaging portion 142 on the basis of the likelihood of the 
transmit power controlling signal input from the transmit 
powe : r controlling signal likelihood calculating portion 30 , 
5 and 'outputs the generated signal to a selector 141. An 
example of an operation of the likelihood determining 
portion 140 in the fifth embodiment is shown in Figure 22. 
The likelihood determining portion 140 outputs to the 
selector 141 a controlling signal such that the transmit 

10 power input from the transmit power calculating portion 19 
is selected in the selector 141, when the likelihood of the 
transmit power controlling signal to be input exists within 
an area 104, which is y+ or more, or an area 106, which is 
less than y- , namely, when the receiving quality of the 

15 received transmit power controlling signal is good. On the 
other hand, the likelihood determining portion 140 outputs 
to the selector 141 a controlling signal such that the 
transmit power input from the transmit power averaging 
portion 142 is selected, when the likelihood of the transmit 

20 power controlling signal to be input exists within an area 
10 5 : , which is y- or more and less than y+ , namely, when the 
receiving quality of the received transmit power 
controlling signal is bad. The selector 141 selects the 
transmit power in accordance with the controlling signal 

25 from the likelihood determining portion 140 to output the 
transmit power to a transmit power maintaining circuit 20 
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and a variable gain amplifier 21 shown in Figure 20. The 
transmit power averaging portion 142 calculates an average 
value of the transmit power to be input so as to output the 
averlage value to the selector 141. 

: The operation thereafter to the transmission of the 
transmission signal from the antenna 10 is same as that of 
the first embodiment. 

Next, an operation of a mobile station of the sixth 
embodiment will be described. A structure of the mobile 
station in the sixth embodiment is shown in Figure 20 as 
same as that in the fifth embodiment. In the sixth 
embodiment, a structure of the transmit power selecting 
portion 33 is different from that of the fifth embodiment. 
The structure of the transmit power selecting pprtlon 33 
in the sixth embodiment is shown in Figure 23. A likelihood 
determining portion X50 generates a controlling signal for 
selecting as the transmit power either the transmit power 
input from the transmit power calculating portion 19 or the 
transmit power input from an open loop transmit power 
calculating portion 152 on the basis of the likelihood of 
the! transmit power controlling signal input from the 
transmit power controlling signal likelihood calculating 
portion 30, and outputs the generated signal to a selector 
151 : . An example of an operation of the likelihood 
determining portion 150 in the sixth embodiment is shown 
in Figure 24. The likelihood determining portion 150 
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outputs to the selector 151 a controlling signal such that 
the transmit power input from the transmit power calculating 
portion 19 is selected in the selector 151, when the 
likelihood of the transmit power controlling signal to be 
input exists within an area 107, which is 5+ or more, or 
an area 109, which is less than 6- , namely, when the receiving 
quality of the received transmit power controlling signal 
is good. 

'■ On the other hand, the likelihood determining portion 
150 outputs to the selector 151 a controlling signal such 
that the transmit power input from the open loop transmit 
power calculating portion 152 is selected, when the 
likelihood of the transmit power controlling signal to be 
input exists within an area 108, which is 6- or. more and 
less than 5+ , namely, when the receiving quality of the 
received transmit power controlling signal is bad. The 
selector 151 selects the transmit power in accordance with 
the , controlling signal from the likelihood determining 
portion 150 to output the transmit power to the transmit 
power maintaining circuit 20 and the variable gain amplifier 
21 shown in Figure 20. 

The open loop transmit power calculating portion 152 
uses the receiving quality, the receiving power and the like 
of a channel different from the channel being used for a 
communication such as a perch channel in the W-CDMA mode, 
for, example, so as to estimate the attenuation amount 
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between a mobile station and a base station, and calculates 
the transmit power of the mobile station, which meets the 
receiving quality required in the base station. The open 
loop: transmit power calculating portion 152 outputs the 
5 calculated transmit power to the selector 151. 

The operation thereafter to the transmission of the 
transmission signal from the antenna 10 is same as that of 
the ; first embodiment. 

A structure of a base station in the seventh embodiment 

10 is shown in Figure 25. Elements corresponding to a 
structure of a conventional base station shown in Figure 
29 are marked with the same reference number. A received 
signal is measured for SIR (SIRa to SIRn) per a mobile station 
(MSa to MSn) in the upstream channel SIR measuring portion 

15 221 to be input through signal lines 230a to 230n into an 
upstream channel transmit power controlling signal 
generating portion 250 as same as in the conventional base 
station . 

The upstream channel transmit power controlling 
20 signal generating portion 250 generates a transmit power 
controlling signal for MSa to MSn (referred to as TPCa to 
TPCn) on the basis of a comparison result between SIRa to 
SIRh and a target SIR, which ie given in advance from a 
controlling portion 501 for MSa to MSn (referred to as T-SIRa 
25 to T-SIRn) , and of RXa to RXn , which are a controlling signal 
showing whether a receiving operation is performed for a 



40 



signal transmitted from the MSa to MSn and which are input 
from the controlling portion 501, The controlling portion 
501 : is further provided with a function for supplying the 
upstream channel transmit power controlling signal 
5 generating portion 250 with RXa to RXn, in addition to a 
function same as the controlling portion 500 of the 
conventional base station shown in Figure 29 . When a normal 
communication is carried out between MSi. (i - a, ... , n) and 
the pase station, RXi (i = a, n) is a signal whose content 

10 indicates that a receiving operation is going on for the 
signal transmitted from MSi . On the other hand, when a 
normal communication cannot be maintained between MSi and 
the ibase station due to an influence of such as being in 
shade, so that the base station stops receiving, a signal 

15 frorn MSI, RXi is a signal whose content indicates that the 
receiving operation is not performed for the signal 
transmitted from MSi. 

A structure of the upstream channel transmit power 
controlling signal generating portion 250 Is shown in Figure 

20 26 , The upstream Channel transmit power controlling signal 
generating portion 250 comprises transmit power controlling 
signal generating portions 250a to 250n whose inputs are 
SIRi, T-SIRi and RXi and whose outputs are TPCi. The added 
character "i" denotes one of characters "a" to "n" . A 

25 structure of a transmit power controlling signal generating 
portion 2501 is shown in Figure 27. A comparator 2541 
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compares SIRi input through a signal line 230i and T-SIRi 
to generate a signal that selects 0 (a signal instructing 
to decrease the transmit power) in a selector 25li in the 
case of SIRi a T-SIRl, and a signal that selects 1 (a signal 
5 instructing to increase the transmit power) in the selector 
25li in the case of SIRI < T-SIRi. The selector 251i selects 
0 or: 1 in accordance with an output from the comparator 254i 
to output it through a signal line 2521 to a selector 2531. 
The selector 2531 determines the transmit power controlling 

10 signal TPCi in accordance with the signal RXi indicating 
whether a receiving operation is going on or not. An 
operation of the selector 253i is shown in Figure 28. The 
selector 253i selects a signal input as the transmit power 
controlling signal TPCi through a signal line 252i, when 

15 RXi is a signal indicating that a receiving operation is 
going on. On the contrary, the selector 253i selects 0 (a 
signal instructing to decrease the transmit power) as the 
transmit power controlling signal TPCI when RXi is a signal 
indicating that a receiving operation has been stopped. 

20 The transmit power controlling signals TPCa to TPCn 

forlMSa to MSn generated in the above method are input through 
signal lines 231a to 231n into frame forming portions 225a 
to 225n to take processes similar to the case of the 
conventional base station before being transmitted from the 

25 antenna 210. 

A mobile station according to the invention does not 
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cause an error In controlling the transmit power even in 
the <base of receiving the transmit power controlling signal, 
which includes an error in receiving . That is, transmission 
at excessive transmit power due to incorrect control or 
5 out -of control can be prevented, so that the number of 
subscribers contained in a system can be increased, compared 
with the conventional case. Further, the power supply of 
a mobile station can be saved since the transmission is not 
carried out at excessive transmit power. 

10 According to the radio base station according to the 

invention, it can be possible to prevent a mobile station 
from transmitting at excessive transmit power by 
controlling the mobile station not to transmit an improper 
transmit power controlling signal after stopping a 

15 receiving operation for the signal to be transmitted. Thus, 
deterioration of the communication quality due to an error 
in controlling power can be avoided and the subscriber 
capacity of a whole system can be significantly improved. 
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Claim ( s ) 



1 1. A transmit power controlling method in a cod© 

2 division multiple access communication system comprising 

3 a radio base station and a mobile station, characterized 

4 in that said radio base station transmits a transmit power 

5 controlling signal for controlling transmit power of the 

6 mobile station, and that said mobile station generates a 

7 likelihood of said transmit power controlling signal on the 

8 basis of the received transmit power controlling signal and 

9 the receiving quality to generate a variation amount of the 

10 transmit power on the basis of said likelihood, so that the 

11 transmit power of the mobile station would be controlled 

12 on the basis of the variation amount . 

1 2 . The transmit power controlling method in a code 

2 division multiple access communication system according to 

3 Claim 1, characterized in that said likelihood is generated 

4 with a perch receiving quality of a signal transmitted from 

5 said radio base station also taken into account. 

1 3. The transmit power controlling method in a code 

2 division multiple access communication system according to 
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3 Claim 1, characterized in that the receiving quality of a 

4 perch signal transmitted from said radio base station is 

5 compared with the receiving quality of a transmit power 

6 controlling signal so that it is determined that a call is 

7 cut off when only one of the receiving qualities is 

8 deteriorated and it is determined that a receiving condition 

9 is no longer proper when the both of the receiving qualities 

10 are .deteriorated, and in that the likelihood is generated 

11 on the basis of a result of the determination. 

1 4. The transmit power controlling method in a code 

2 division multiple access communication system according to 

3 Claim l, characterized in that, when an absolute value of 

4 the likelihood of said transmit power controlling signal 

5 is large, an upper limit value and a lower limit value of 

6 the transmit power of a mobile station are updated and 

7 maintained so that the transmit power of said mobile station 

8 is limited between said upper limit value and said lower 

9 limit value. 

1 5. The transmit power controlling method in a coda 

2 division multiple access communication system according to 

3 Claim 1, characterized in that an average value of the 

4 transmit power of a mobile station is generated, and that 

5 the transmit power of said mobile station is switched on 
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6 the basis of the size of said likelihood so as to be either 

7 said generated average transmit power of the mobile station 

8 or transmit power of the mobile station that is generated 

9 on the basis of said likelihood. 

1 6. The transmit power controlling method in a code 

2 division multiple access communication system according to 

3 Claim 1, characterized in that open loop transmit power is 

4 generated on the basis of the receiving quality or the 

5 receiving power of another channel different from a channel 

6 being used, and that the transmit power of said mobile 

7 station is switched on the basis of the size of said 

8 likelihood so as to be said generated open loop transmit 

9 power or transmit power of the mobile station that Is 
10 generated on the basis of said likelihood. 

1 7 . The transmit power controlling method in a code 

2 division multiple access communication system according to 

3 Claim 1, characterized in that said transmit power 

4 controlling signal is a signal comprising two values, and 

5 that said likelihood is calculated so that an absolute value 

6 of the likelihood would be large when the receiving quality 

7 is good and so that an absolute value of the likelihood would 

8 b© small when the receiving quality is bad. 
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1 8. The transmit power controlling method in a code 

2 division multiple access communication system according to 

3 Claim 7, characterized in that the transmit power is 

4 increased when said likelihood is a first reference value 

5 or more, that the transmit power is maintained when said 

6 likelihood is less than said first reference value and a 

7 second reference value or more, and that the transmit power 

8 is decreased when said likelihood is less than said second 

9 reference value. 

1 9 . The transmit power controlling method in a code 

2 division multiple access communication system according to 

3 Claim 7, characterized in that the transmit power is 

4 increased when said likelihood is said first reference value 

5 or more, that the transmit power is toggle-controlled when 

6 said likelihood is less than said first reference value and 

7 said second reference value or more, and that the transmit 

8 power is decreased when said likelihood is less than said 

9 second reference value. 

1 10. The transmit power controlling method in a code 

2 division multiple access communication system according to 

3 Claim 7, characterized in that the transmit power is 

4 increased when said likelihood is said first reference value 

5 or more, that a variation amount of the transmit power is 
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6 madeto be the power corresponding to said likelihood when 

7 said; likelihood is less than said first reference value and 

8 said second reference value or more, and that the transmit 

9 power is decreased when said likelihood is less than said 
10 second reference value. 

1 11. A transmit power controlling method in a code 

2 division multiple access communication system comprising 

3 a radio base station and a mobile station, characterized 

4 in that said radio base station measures SIR fox every said 

5 mobile station to compare each of said measured SIRs with 

6 a target SIR given in advance, generates a transmit power 

7 controlling signal for decreasing the transmit power when 

8 said SIR is the target SIR or more or when said radio base 

9 station has stopped a receiving operation for said mobile 

10 station, generates a transmit power controlling signal for 

11 increasing the transmit power when said SIR is less than 

12 the target SIR, and transmits said generated transmit power 

13 controlling signal to the mobile station. 

1 12. A mobile station characterized by comprising: 

2 receiving means for receiving transmit power controlling 

3 information transmitted by a radio base station; measuring 

4 means for measuring the receiving quality of a wave 

5 transmitted by said radio base station; likelihood 
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6 generating means for generating a likelihood of said 

7 transmit power controlling information on the basis of the 

8 transmit power controlling information received by said 

9 receiving means and the receiving quality measured by said 

10 measuring means; variation amount generating means for 

11 generating a variation amount of the transmit power on the 

12 basis of the likelihood generated by said likelihood 

13 generating means; and controlling means for controlling the 

14 transmit power of a mobile station on the basis of the 

15 variation amount generated by said variation amount 

16 generating means. 

1 13. The mobile radio station according to Claim 12, 

2 characterized by further comprising perch receiving quality 

3 measuring means for measuring the receiving quality of a 

4 perch signal transmitted by said radio base station, wherein 

5 said likelihood generating means generates a likelihood 

6 with the receiving quality measured by said perch receiving 

7 quality measuring means taken into a consideration. 

1 14. a code division multiple access communication 

2 system comprising a radio base station and a mobile station, 

3 characterized in that 

4 said radio base station comprises: transmit power 

5 controlling information generating means for generating 
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6 transmit power controlling information for controlling the 

7 transmit power of a mobiles station; and transmitting means 

8 for transmitting the transmit power controlling information 

9 generated by said transmit power controlling Information 

10 generating means, and that 

11 said mobile station comprises? receiving means for 

12 receiving the transmit power controlling information 

13 transmitted by said transmitting means; measuring means for 

14 measuring the receiving quality of a wave transmitted by 

15 said radio base station; likelihood generating means for 

16 generating a likelihood of said transmit power controlling 

17 information on the basis of the transmit power controlling 

18 information received by said receiving means and of the 

19 receiving quality measured by said measuring means; 

20 variation amount generating means for generating a 

21 variation amount of the transmit power on the basis of the 

22 likelihood generated by said likelihood generating means; 

23 and ; controlling means for controlling the transmit power 

24 of a mobile station on the basis of the variation amount 

25 generated by said variation amount generating means. 

1 15. A radio base station controlling transmit power 

2 of a mobile station characterized by comprising: 

3 signal quality measuring means for measuring signal 

4 quality of said mobile station; 
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5 comparing means for comparing the signal quality 

6 measured by said signal quality measuring means with a 

7 predetermined value; 

8 . generating means for generating, as a result of 

9 comparison in said comparing means, transmit power 

10 controlling information for decreasing said transmit power 

11 when said signal quality is said predetermined value or more 

12 and for generating transmit power controlling information 

13 for Increasing said transmit power when said signal quality 



14 is less than said predetermined value; and 

15 transmitting means for transmitting to said mobile 

16 station the transmit power controlling signal generated by 

17 said generating means. 

1 16. The radio base station according to Claim 15. 

2 characterized in that said signal quality is SIR. 

1 17. A radio base station controlling transmit power 

2 of a mobile station characterized by comprising; 

3 receiving means for receiving a channel transmitted 

4 by said mobile station; 

5 controlling means for controlling a receiving 

6 operation of said receiving means; 

7 generating means for generating instructing 

8 information for giving an instruction to decrease the 
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9 transmit power of said mobile station at the time when said 

10 controlling means stops the receiving operation of said 

11 receiving means; and 

12 transmitting means for transmitting to said mobile 

13 station the instructing information generated by said 

14 generating means. 

1 18. A radio base station controlling transmit power 

2 of a mobile station characterized by comprising: 

3 receiving means for receiving a channel transmitted 

4 by said mobile station; 

5 controlling means for controlling a receiving 

6 operation of said receiving means; 

7 generating means for generating instructing 

8 information for giving an instruction to decrease the 

9 transmit power of said mobile station when said controlling 

10 means tries to stop the receiving operation of said 

11 receiving means; and 

12 transmitting means for transmitting to said mobile 

13 station the instructing information generated by said 

14 generating means before said receiving operation is 

15 stopped. 
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ABSTRACT 

The present invention provides a transmit power 
controlling method for reducing an influence of incorrect 
control in a mobile communication system in the CDMA mode. 

A likelihood of transmit power controlling signal is 
generated on the basis of the transmit power controlling 
signal transmitted by a radio base station and the receiving 
quality, a variation amount of the transmit power is 
generated on the basis of the likelihood, and the transmit 
power of a mobile station is controlled on the basis of the 
variation amount. 



53 



1/16 



FIG.1 



09/786459 



10 



11 



24 



12 



13 



14 









RX 
RF 




SYNCHRONOUS 
CAPTURING/REVERSE 
SPREADING CIRCUIT 





DETECTING 











31 

r 1 





r 


J 20 


TX 




TRANSMIT POWER 


RF 




MAINTAINING 


i 




CIRCUIT 



TRANSMIT POWER 
VARIATION AMOUNT 
CALCULATING PORTION 



15 



DEMODULATING 



-16 



TRANSMIT POWER 
CONTROLLING 
SIGNAL LIKELIHOOD 
CALCULATING PORTION 




-30 



22 



SPREADING 




FRAME 




ENCODING 


CIRCUIT 




FORMING 





FIG.2 



TO THE TRANSMIT 
POWER VARIATION 
AMOUNT CALCULATING - 
PORTION 



30 



40 



TRANSMIT POWER 
CONTROLLING 
SIGNAL 0/1 

DETERMINING PORTION 



-16 



50 

jL 



RECEIVING 

QUALITY 

CALCULATING 



LIKELIHOOD CALCULATING 



-51 



09/786459 



2/16 

FIG.3 



IN THE CASE THAT THE TRANSMIT POWER 
CONTROLLING SIGNAL IS DETERMINED TO BE 1 



150 

RECEIVING QUALITY 




GOOD 



IN THE CASE THAT THE TRANSMIT POWER 
CONTROLLING SIGNAL IS DETERMINED TO BE 0 



FIG.4 



|0dB |l+1dB||-1dB|7i 



70 



*-> LIKbLIHUUU 

h DETERMINING 

PORTION 



TO THE TRANSMIT POWER 
CALCULATING PORTION 



FIG.5 



-31 



FROM THE TRANSMIT 
POWER CONTROLLING 
SIGNAL LIKELIHOOD 
CALCULATING PORTION 



SELECTING -1dB 



102 



SELECTING OdB 



101 



SELECTING +1dB 



100 



LIKELIHOOD 



3/16 



FIG.6 

















63 








JU 


dB 




i 


T 













































































j*7 >-j TIME 

1 03 TIME OF a- ^(LIKELIHOOD) < a+ 



FIG.7 




T i fMdBjP^I 71 



31 

70 



LIKELIHOOD 

DETERMINING 

PORTION 



FROM THE TRANSMIT 
POWER CONTROLLING 
SIGNAL LIKELIHOOD 
CALCULATING PORTION 



TO THE TRANSMIT POWER 
CALCULATING PORTION 



FIG.8 



INPUT 


OUTPUT 


+1dB 


-1dB 


-1dB 


+1dB 





4/16 






FIG.9 




j 

SELECTING -1dB i 


SELECTING T 


i SELECTING +1dB 


/ T 


\ F 




102 [ 


, 101 


| 100 



LIKELIHOOD 



FIG.10 



64, 



■+ !-- 



1 03 TIME OF cc- ^(LIKELIHOOD) < a+ 



FIG.11 



TIME 



.73 



LIKELIHOOD-TRANSMIT 
POWER VARIATION 
AMOUNT CONVERTING 



✓ 31 



FROM THE TRANSMIT POWER 
CONTROLLING SIGNAL 
LIKELIHOOD CALCULATING 
PORTION 



TO THE TRANSMIT POWER 
CALCULATING PORTION 



5/16 



FIG.12 




0 #+ LIKELIHOOD 



FIG.13 

65 

! ! ! ! I ! 




■1 f !" 

: ; i 



>p, TIME 

1 03 TIME OF ot- £ (LIKELIHOOD) < ct+ 



6/16 



09/786459 



10 

v. 



n 



FIG.14 



12 



13 



RX 




RF 





SYNCHRONOUS 
CAPTURING/REVERSE 
SPREADING CIRCUIT 



14 





DETECTING 








— 16 



24 



TRANSMIT POWER 



20 



TRANSMIT POWER 
VARIATION AMOUNT 
CALCULATING 
PORTION 



MAINTAINING — CALCULATING 



CIRCUIT 



TRANSMIT POWER 



PORTION 



19 



32' 



TRANSMIT POWER 
LIMITING PORTION 



15 

-d 

DEMODULATING 



TRANSMIT POWER 
CONTROLLING 
SIGNAL LIKELIHOOD 
CALCULATING PORTION 



-30 



— ■ 21 



23 



SPREADING 
CIRCUIT 



25 



FRAME 
FORMING 



22 



ENCODING 



FIG.15 



31 



l^ldSl pTdBh 3 1 



130 



LIKELIHOOD 

DETERMINING 

PORTION 



TO THE TRANSMIT POWER 
CALCULATING PORTION 



FROM THE TRANSMIT POWER 
CONTROLLING SIGNAL 
LIKELIHOOD CALCULATING 
PORTION 



, 32" 



09/78645' 



7/16 

FIG. 16 

SELECTING -1dB I SELECTING +1dB 



LIKELIHOOD 



FIG.17 



FROM THE TRANSMIT POWER 
CALCULATING PORTION 



91 

^1 



TRANSMIT POWER 
LIMITING PORTION 



90 



TRANSMIT POWER LIMIT 
VALUE CALCULATING 



COMPARING 



TO THE TRANSMIT POWER MAINTAINING 
CIRCUIT/VARIABLE GAIN AMPLIFIER 



FIG.18 



FROM THE TRANSMIT 
. POWER CONTROLLING 
SIGNAL LIKELIHOOD 
CALCULATING PORTION 




TRANSMIT POWER LIMIT 

VALUE UPDATING 
TXPu-TXP+/?u 
TXP L =TXP+/J L 



19/78645 



8/16 

FIG.19 



Si 



TXPy 

TlVdS"""'] I 

— f j mJ — j f 



I 66 j 



i 

TXP, 



.J i 



i l~ 

i 



TIME 



10 



103 TIME OF or- ^ (LIKELIHOOD) < «+ 

FIG.20 



11 



12 








RX 




RF 





13 



SYNCHRONOUS 
CAPTURING/REVERSE 
SPREADING CIRCUIT 



24 



TX 
RF 



20 



14 



DETECTING 



TRANSMIT POWER 
VARIATION AMOUNT 
CALCULATING 
PORTION 



TRANSMIT POWER 
MAINTAINING 
CIRCUIT 



33- 



TRANSMIT POWER 
CALCULATING 
PORTION 

i 



-19 



TRANSMIT POWER 
SELECTING 
PORTION 



15 



DEMODULATING 



—16 



TRANSMIT POWER 
CONTROLLING 
SIGNAL LIKELIHOOD 
CALCULATING 
PORTION 



^30 



23 




25 




22 












SPREADING 




FRAME 




ENCODING 


CIRCUIT 




FORMING 





— 21 «> 

^\ IsfreadingL 

CIRCUIT 



9/16 



FIG.21 



FROM THE TRANSMIT POWER 
CALCULATING PORTION 



33 



142 



141 



TRANSMIT 
POWER 
AVERAGING 
PORTION 



140 



LIKELIHOOD 

DETERMINING 

PORTION 



FROM THE TRANSMIT 
POWER CONTROLLING 
SIGNAL LIKELIHOOD 
CALCULATING 
PORTION 



TO THE TRANSMIT POWER MAINTAINING 
CIRCUIT/VARIABLE GAIN AMPLIFIER 



FIG.22 



SELECTING AN OUTPUT SELECTING AN OUTPUT SELECTING AN OUTPUT 
FROM THE TRANSMIT , FROM THE TRANSMIT . FROM THE TRANSMIT 



POWER CALCULATING 
PORTION 



^_ — 
106 



POWER CALCULATING 
PORTION 





105 



POWER CALCULATING 
PORTION 



104 



Y- 



Y+ 



LIKELIHOOD 



10/16 



FIG.23 



OPEN LOOP 
TRANSMIT POWER 
CALCULATING 
PORTION 



152 



FROM THE TRANSMIT POWER 
CALCULATING PORTION 



33 



----- A 



151 



150 ! 



LIKELIHOOD 
DETERMINING 
PORTION 



FROM THE TRANSMIT 
" POWER CONTROLLING 
SIGNAL LIKELIHOOD CAL 
CULATING PORTION 



TO THE TRANSMIT POWER MAINTAINING 
CIRCUIT/VARIABLE GAIN AMPLIFIER 



FIG.24 



SELECTING AN 

SELECTING AN OUTPUT OUTPUT FROM THE SELECTING AN OUTPUT 
FROM THE TRANSMIT , OPEN LOOP TRANSMIT, FROM THE TRANSMIT 
POWER CALCULATING I POWER CALCULATING I POWER CALCULATING 
PORTION | PORTION j PORTION 

— ^ s — r 

109 | , 108 | 107 



09/786459 

11/16 



FiG.25 



210 



211 



212 

jL 



r 



213a 

d 

SYNCHRONOUS 
CAPTURING/REVERSE 
SPREADING CIRCUIT 



214a 





DETECTING 











224 



21 3n 



SYNCHRONOUS 
CAPTURING/REVERSE 
SPREADING CIRCUIT 



221 v 



215a 



DEMODULATING 



214n 



DETECTING 



215n 



RECEIVED 
DATA 



DEMODULATING 



UPSTREAM CHANNEL 
SIR MEASURING 



230a- 



250- 



UPSTREAM CHANNEL 
TRANSMIT POWER 
CONTROLLING 
SIGNAL GENERATING 



230n 

T-SIRa~T-SIRn 



226 



223a 231a- 



ADDING 
CIRCUIT 



SPREADING 




FRAME 


CIRCUIT 




FORMING 


' 223n 




: s 






SPREADING 




FRAME 


CIRCUIT 




FORMING 



225a 
225ri 



RXa~RXn 



501 



CONTROLLING 
PORTION 



-231n 



222a 



ENCODING 



222n 



TRANSMIT DATA 



ENCODING 



12/16 

FIG.26 



230a N 
250 



230b N 

RXa 
T-SIRa 



RXb 
T-SIRb 



,230n 



RXn 
T-SIRn 



TRANSMIT POWER 
CONTROLLING H 
SIGNAL 
GENERATING 
PORTION 



K 
250a" 



TRANSMIT POWER 
CONTROLLING 
SIGNAL 
GENERATING 
PORTION 



s 

250b 



TRANSMIT POWER 

CONTROLLING 

SIGNAL 

GENERATING 

PORTION 



S 

250ni 



231a v 



231 b v 



FIG.27 



TRANSMIT POWER 
CONTROLLING SIGNAL 
GENERATING PORTION 



230i 



COMPARATOR 



252i- 
"""2311 



:5H 



-253i 



254i i 



,23ln 



-T-SIRi 
^250i 

- RXi 



FIG.28 



RXi 


OPERATION 


IN A RECEIVING 
OPERATION 


SELECTING 252i 


IN SUSPENSION 
OF A RECEIVING 
OPERATION 


SELECTING 0 



13/16 



FIG.29 



210 



211 



212 






RX 




RF 


r 



213a 
d 

SYNCHRONOUS 
CAPTURING/REVERSE 
SPREADING CIRCUIT 



214a 





DETECTING 











224 ■ 



213n 



SYNCHRONOUS 
CAPTURING/REVERSE 
SPREADING CIRCUIT 



221 > 



215a 



DEMODULATING 



2i4n 
|~220aV— 



DETECTING 



21 5n 



RECEIVED 
DATA 



DEMODULATING 



-220n 



UPSTREAM CHANNEL 
SIR MEASURING 



230a- 



250- 



*230n 



UPSTREAM CHANNEL 
TRANSMIT POWER 
CONTROLLING 
SIGNAL GENERATING 



226 



223a 231a- 







SPREADING 
CIRCUIT 




FRAME 
FORMING 


ADDING i 
CiRCUIT 




' 223n 








SPREADING 
CIRCUIT 




FRAME 
FORMING 



225a 
225n 



T-SIRa~T-SIRn 



500 



CONTROLLING 
PORTION 



-231n 



222a 



ENCODING 



222n • 



TRANSMIT DATA 



ENCODING 



14/16 

FiG.30 



230a N 
222 



230b N 
T-SIRa 



T-SlRb 



,230n 



T-SIRn 



TRANSMIT POWER 
CONTROLLING 
SIGNAL 
GENERATING 
PORTION 



231 a . 



K 

222dT 



TRANSMIT POWER 
CONTROLLING 
SIGNAL 
GENERATING 
PORTION 



231 fcK 



222b 



TRANSMIT POWER 
CONTROLLING 
SIGNAL 
GENERATING 
PORTION 



S 

222ni 



,231n 



FIG.31 



222i 



230I 



COMPARATOR 



-T-SIRi 



223i 



224i 



231 U 



10 



09/786459 



15/16 



FIG.32 



13 

-d 

SYNCHRONOUS 
• CAPTURING/REVERSE 
SPREADING CIRCUIT 





DETECTING 






DEMODULATING 








-1dB | 


— 16 




TRANSMIT POWER 
CONTROLLING SIGNAL 
0/1 DETERMINING 
PORTION 



FIG.33 



en z 

11 











|lDB 


! 62: I 












, R t 




120 


121 1122 1123 |124 

^ W V 



RESULT OF 

DETERMINING ? 0 ) 

A CONTROLLING S / r 

SIGNAL 83a 83b 93c 83d 



0 1 
83e 



^TIME 
60 



16/16 

FIG.34 



r Q /786459 



16s 



301 



COMPARING 
PORTION 



302 i 



FROM A RADIO MODULE 
FOR RECEIVING 12 

i 

PERCH RECEIVING 
QUALITY MEASURING 
PORTION^ 

300 

-50 RECEIVING QUALITY 
CALCULATING PORTION 



RECEIVING QUALITY 

DETERMINING 

PORTION 



TO THE LIKELIHOOD 
CALCULATING PORTION 



FIG.35 




HT 1 46602/34980 1449US 1 



Docket No. 566.39819X00 



Declaration and Power of Attorney for Patent Application 
Japanese Language Declaration 

Tfao&^w^Mti m±SXT<om*) MlmV^i As a below named inventor, I hereby declare that: 

ficoftEf, @»r±TSBW5|t«?&*©«^1B** My residence, post office address and citizenship are 

I fc ii •? "t'^o as stated next to my name. 



S Tfa^^^(D|§PJ(rHbTlf*®H^ffatt§ti, #Waj I believe I am the original, first and sole inventor (if 

ILTV^^Brtfl-oV^t^ fi^^ln^ont— (D$gm%- only one name is listed below) or an original, first and 

#w (Tfero&^ h L < ri**]*^*^*^* joint inventor (if plural names are listed below) of the 

m tfcSi (TnZ<D&lfo&Hm<vW>&) {fCTl^-To subject matter which is claimed and for which a patent 

5 i: is sought on the invention entitled 



METHOD FOR CONTROLLING TRANSMIT 
POWER IN A COMMUNICATION SYSTEM 



(ttSi-**^-) ClTiE£ii*Lfc. 



the specification of which is attached hereto unless the 
following box is checked: 

M was filed on December 21. 1999 

as United States Application Number or PCT 
International Application Number 
PCT/JP99/07174 and was amended on 
(if applicable) 



I hereby state that I have reviewed and understand the 
contents of the above identified specification, including 
the claims, as amended by any amendment referred to 
above. 



I acknowledge the duty to disclose information which 
is material to patentability as defined in Title 37, Code 
of Federal Regulations, § 1.56. 
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*Hfe*^3 5 Hi 1 9*(a)-(d)ilX!13 6 5^(b) 



I hereby claim foreign priority under Title 35, United States 
Code, § 119(a)-(d) or § 365 (b) of any foreign application^) 
for patent or inventor's certificate, or § 365(a) of any PCT 
International application which designated at least one 
country other than the United States, listed below and have 
also identified below, by checking the box, any foreign 
application for patent or inventor's certificate, or PCT 
International application having a filing date before that of the 
application on which priority is claimed. 



Prior foreign applications) 



10-362871 



(Number) 

(#-§-) 



Japan 



(Country) 



Priority Not Claimed 



21/December/1998 
(DayMonth/Year Filed) 



(Number) 

3 (#-§■) 



(Day/Month/Year Filed) 



antry) 



ftr±as3 5M^mmmi i ^(eFii-^v-t, tie©* 
minium mMK mm $ tutmi & ^ - ir^asv *tst a 



(Day/Month/Year Filed) 

(mm^M a) 

I hereby claim the benefit under Title 35, United States Code, 
§ 119(e) of any United States provisional applications) listed 
below. 



(Application No.) 



(Filing Date) 
(ttHRB) 



(Application No.) 
<H1W##) 



(Filing Date) 



TfS»*SS;*!f§ 3 5 Iff? 1 2 0*{dS<5V^-C, T 
5#Wm**^^3 6 5^(c)irS^<HflJ?rrr^±3fiL^ 



I hereby claim the benefit under Title 35, United States Code, 
§ 120 of any United States application^), or § 365(c) of any 
PCT International application designating the United States, 
listed below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior United 
States or PCT International application in the manner 
provided by the first paragraph of Title 35, United States 
Code, § 1 12, I acknowledge the duty to disclose information 
which is material to patentability as defined in Title 37, Code 
of Federal Regulations, § 1.56 which became available 
between the filing date of the prior application and the 
national or PCT International filing date of this application. 



(Application No.) 



(Filing Date) 

(fcHJKB) 



(StatusXpatented, pending, abandoned) 



(Application No. ) (Filing Date) 

(wemw) (tuna) 

lsfiigiooi*^*^, «^£fc»#iS§, t>V<ti-Z<omJ7 



(Status)(patented, pending, abandoned) 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on 
information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful 
false statements and the like so made are punishable by fine 
or imprisonment, or both, under Section 1001 of Title 18 of 
the United States Code and that such willful false statements 
■ any patent 
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f£l±, rm<Dmm^thX, *mi\zmi- POWER OF ATTORNEY: Asa named inventor, I hereby 

®0>ttZXmm&mmm\-MLXMft-rZ>#m±XKft a PP oint ^ attomey(s) and/or agent(s) to 

mAtLX, TIE CO t «? SrflMHifc L*-f- 0 (#»±, P rosecute ^ application and transact all business in the 



Patent and Trademark Office connected therewith: (list 
name and registration number) 



Donald R. Antonelli, Reg. No .20,296 ; David T. Terry, Reg. No. 20JJ& Melvin Kraus, Reg. No. 22,46fc William I. Solomon, Reg. 
No. 28,565;. Gregory E. Montone, Reg. N0.28J41; Ronald J. Shore, Reg. No. 28,577; Donald E. Stout, Reg. No. 26,422 ; Alan E. 
Schiavelli, Reg. No._2Z£82^ James N. Dresser, Reg. No. 22.973 a nd Carl I. Brundidge, Reg. No. 29,621 



lHH3!#7fc : Send Correspondence to: 

Antonelli, Terry, Stout & Kraus, LLP 
Suite 1800 

1300 North Seventeenth Street 

Arlington, Virginia 22209 

itiMfKiiPSife : (£3fcRtHiiS##) Direct Telephone Calls to: 

Telephone: (703) 312-6600 
Fax: (703)312-6666 









Full name of sole or first inventor 
Katsuhiko TSUNEHARA 








hi 


mentor's signature f Date 






Residence 

Kokubunii, Japan ^ j"p>( 


Hit 

a * 




Citizenship 
Japanese 






Post Office Address 

c/oHitachi, Ltd., Intellectual Property Group 
5-1, Marunouchi 1-chome, Chiyoda-ku, Tokyo 
100-8220, Japan 












> 


Full name of second joint inventor, if any 
Takashi YANO 








Second inventor's signature Date 


mm 




Residence _ 

Kokubunj i, Japan O PX^, 


mm 




Citizenship 

Japanese 






Post Office Address 

c/oHitachi, Ltd. , Intellectual Property Group 
5-1, Marunouchi 1-chome, Chiyoda-ku, Tokyo 
100-8220, Japan | 



(m = Um(D&mmW%^\,^XhmM^mMls, m%lft (Supply similar information and signature for third and 
£, » ^ ^ subsequent joint inventors.) 
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3-cc 


) . 


Full name of third joint inventor, if any * 
Takaki UTA ' 






rhixd inventor's signature Date t ^ 






Residence 

Kokubun j i_, Japan ^yp')^. 


as 
a* 




Citizenship 

Japanese 






Post office address 

c/o Hitachi, Ltd., Intellectual Property 
Group 5-1, Marunouchi 1-chome , Chiyoda-ku, 
Tokyo 100-8220, Japan 












Full name of fourth joint inventor, if any 

Toshiro SUZUKI 






Fourth inventor's signature - Date 






Residence 

Yokohama, Japan JjTpX 






Citizenship 
Japanese 






c/o Hitachi, Ltd., Intellectual Property 
Group 5-1, Marunouchi 1-chome, Chiyoda-ku, 
Tokyo 100-8220, Japan 










) 


Full name of fifth joint inventor, if any 

Toshinori SUZUKI 






Fifth inventor's signature Date 






Residence ' 

Tokyo , Japan 3"PX^ 


Bit 




Citizenship 
Japanese 






Post office address 

c/o KDDI Corporation 3-2 Nishishinjuku 
2-chome, Shinjuku-ku, Tokyo 163-8003 Japan 












Full name of sixth joint inventor, if any 






Sixth inventor's signature Date 


mm 




Residence 


mm 




Citizenship 






Post office address 
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